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Objectives: To re-evaluate the epidemiology of hand,
foot, and mouth disease (HFMD) in a non-vaccinated
population in Zunyi, China.

Methods: We used laboratory-based data from the
Third Affiliated Hospital of Zunyi Medical College,
Zunyi, China to assess the epidemiology of the
HFMD caused by enteroviruses between January
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2012 and November 2014. Real-time polymerase
chain reaction was used to determine human
enteroviruses from a total of 12313 probable cases
enrolled in this retrospective study. All analyses were
stratified by enterovirus serotype, gender, and age.

Results: Virological results were available for 12313
cases of probable HFMD. A total of 5750 cases
were positive for viral detection, and the positive
rates of infection caused by other enteroviruses was
46.7%, EV71 9%, and CVA16 4.7%. During the
study period there was a substantial increase in the
occurrence of HFMD. Most of the HEMD patients
(87.4%) were aged 0-59 months (median 24; range
0-59). Males showed a higher HFMD prevalence rate
(62.4%) than females (37.6%).

Conclusion: Enterovirus infection remains an
important public health problem and other
entroviruses are emerging as the major causative agent
of the HFMD in Zunyi, China.
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Hand, foot, and mouth disease (HFMD) is a
common viral infectious disease in China, with
rates especially high in children under 5 years of age.'
Hand, foot, and mouth disease is caused by various
enteroviruses, and enterovirus 71 (EV71) and Coxsackie
virus A16 (CVA16) have been reported to be the main
causative agents of this disease."* This self-limiting disease

can be complicated by fatal neurological and systemic
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complications, which are commonly responsible for the
death.’ In addition, the significant increase in HFMD
cases is a threat to the public prevention and therapy
of this disease.! The HFMD is a nationally notifiable
disease in China. Previous epidemiology evidence before
the year of 2012 has shown that EV71 and CVA16
are the most common enteroviruses responsible for
HFMD. However, in a report by Lu and coworkers,
the Coxsackie A virus 6 was predominant in southern
China. Over time, it is possible that the circulating
pattern of enteroviruses may differ from the pattern
observed several years ago. Knowledge of the changing
characteristics of the epidemic HFMD and monitoring
of the trends of virus transmission will greatly improve
our strategies to control and prevent this disease. There
is a lack of comprehensive epidemiology evidence of
recent enterovirus infections. The aim of this study is
to present updated epidemic evidence of this disease in
Zunyi, China. All analyses were stratified by enterovirus

serotype, age, and gender.

Methods. Zunyi, located on latitude 27°42" north
and longitude 106°55" east belongs to the Guizhou
Province of China, and hasa population of approximately
8 million people. It can be divided into 15 districts,
with a total land area of 30762 square kilometers. We
included probable cases of HFMD between January
2012 and November 2014 in Zunyi, China. A total of
12313 probable cases were enrolled in this retrospective
study. The HFMD case data was extracted from the
laboratory information system. The Third Affliated
Hospital of Zunyi Medical College, Zunyi, China is
the primary official hospital approved to accept HFMD
patients during an HFMD outbreak in Zunyi. No
work with human subjects was directly involved in
this work, because samples were tested for enterovirus
serotype by real-time polymerase chain reaction (PCR)
in clinical practice. Permission to conduct the research
was granted by the Third Affiliated Hospital of Zunyi
Medical College. This work was approved by the Ethics
Committee of the Third Affiliated Hospital of Zunyi
Medical College.

Case definitions. The HFMD was diagnosed based
on the guidebook provided by the Ministry of Health
of China (version 2009), in which the terms of disease,
the criteria of clinical manifestations and laboratory
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evidence are clearly described.* A probable case of
HFMD was defined as illness in a patient with papular or
vesiclar rash on hands, feet, mouth, or buttocks, with or
without fever.! Patients with these manifestations were
subjected to viral detection. In this report, a confirmed
case was considered if a probable patient has a laboratory
evidence of enterovirus infection detected by real-time
PCR. Cases were reported to the Chinese Center for
Disease Control and Prevention at the time of diagnosis.
Most patients with these manifestations were regarded as
outpatients. Patients were hospitalized if they had signs
or symptoms indicating a more serious illness. These
included high fever (temperature higher than 38°C),
vomiting, tachypnea, and indications of neurologic
complications (encephalitis, aseptic meningitis, and so
forth) or cardiopulmonary complications (pulmonary
edema, pulmonary hemorrhage, or myocarditis).®

Collection and testing of specimens. We used
laboratory-based data from the laboratory information
system to measure disease caused by HFMD between
January 2012 and November 2014. Throat swabs
collected from outpatients and inpatients were the only
sample sources. Specimens were shipped following the
instructions of the Ministry of Health of China.

Ribonucleic acid (RNA) isolation and real time
PCR. The methods for detecting cases of HFMD did
not change during the study period. Viral RNA was
extracted with available commercial kits (Da An Gene
Co. Ltd, Guangzhou, China) as per the manufacturer’s
protocols. We tested RNA from each sample with
specific primers and probes that targeted panenterovirus,
EV71, and CVA16. Testing was carried out in biosafety
level 2 facilities. Five microliters of extracted RNA
were subjected to reverse transcription (RT) and real
time PCR as per the manufacturer’s protocols’ (Da An
Gene Co. Ltd, Guangzhou, China). Of note, reverse
transcription and real-time amplification was carried out
in one tube according to the manufacturer’s instruction.
We classified test results into 4 groups according to the
manufacturer’s instruction: EV71 positive, CVA16
positive, panenterovirus, or enterovirus negative.

Data analysis. Numeration data were described by
positive example and rate, and then analyzed with use of
the x” test. All analyses were carried out using Microsoft
Excel (Microsoft 2007, need complete details).

Results. Cases. Between January 2012 and
November 2014, the Third Affiliated Hospital admitted
a total of 12313 probable cases of HFMD. Figure 1
shows a substantial increase in the annual number of
confirmed cases of HFMD in Zunyi since 2012.The
monthly distribution showed that the numbers of
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HFMD cases differed significantly by month (Figure 2).
In the year of 2012, beginning with a handful of cases,
the number of HFMD cases increased significantly,
and the number peaks at 244 cases in June. A total of
634 cases were reported between May 1 and July 31,
during the first wave of the epidemic. The second wave
occurred from October to December in 2012, and
included 261 cases. The peak started slightly earlier in
March and lasted for a longer period of time in 2013
than in 2012. In the year 2013, a total of 1412 cases
were reported between March 1 and July 31 during
the first wave of the epidemic, which accounted for
80.5% (1412/1754) of the total HFMD cases. In 2013,
a second wave occurred from October 1 to Decenber
31, albeit to a small degree. Similar to the epidemic
in 2013, the first wave occurred between March and
July in 2014, and the number of reported HFMD cases
during this period accounted for 76.3% (2251/2952) of
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Figure 1 - The annual number of confirmed cases of hand, foot, and
mouth disease in Zunyi, China from January 1, 2012 to
November 11, 2014. Figures in brackets refer to percentage of
confirmed cases in the corresponding year.

the reported cases up to November 11, 2014. A smaller
peak is likely to occur in October or November in 2014
if the data are available for the coming one and a half
months.

Gender-specific  HFMD  cases  infected —with
enteroviruses in Zunyi. Of 5750 HFMD patients, 3590
were males and 2160 were females (Figure 3). There
were significant differences between the prevalence of
HFMD in males and females. The prevalence of HFMD
cases in males was 62.4%, which was significantly
higher than females (37.6%) (p=0.0078 by the x? test),
indicating that the HFMD is more common in males
than females.

Age distribution of HFMD cases in Zunyi. When
the ages of patients were taken into consideration,
most of the HFMD patients (87.4%) were aged 0-59
months (Figure 4). Lower numbers of HFMD cases
were observed in the age group >59 months (12.6%).
The number of HFMD cases decreased as age increased,
except for the age group <12 months. Most of those
hospitalized, 883 of 980 (90.1%), were younger than 5
years. The incidence of HFMD varied greatly with age,
with highest rates in children aged 12 months to 2 years
(Figure 4).

Overall distribution of the causative agents of
HEMD in Zunyi. Between January 2012 and November
2014, enteroviruses were obtained from 5750 patients,
with the greatest number in 2014. We found that other
enteroviruses predominated in laboratory-confirmed
cases. Cases due to other enteroviruses strains increased
by 2-fold, from 565 in 2012, to 1581 in 2013, and
continued to increase in 2014 (Figure 5). The overall
rate of EV71 decreased from 33.3% in 2012, to 20%
in 2014. Similar decreases were found for CVAI16
infection (16% in 2012, to 13% in 2014).
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Figure 2 - Monthly distribution of hand, foot, and mouth disease in Zunyi, China from January 1, 2012 to

November 11, 2014.
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Table 1 shows the relative risk of enterovirus detected
from outpatients and inpatients who were suspected of
having uncomplicated or severe enterovirus infection.
The frequency of EV71, CVA16, or other enteroviruses
did not vary significantly between outpatients and
inpatients (p>0.05 by the x test). The relative risks
of EV71 and other enteroviruses were higher among
inpatients than outpatients, but not statistically
significant (p>0.05 by the 7 test; Table 1). In addition,

Zhang et al

there was a trend for CVA1G6 to have a higher risk
among outpatients than inpatients, although it was not
statistically significant (p>0.05 by the x° test; Table 1).
Nevertheless, these data suggest in addition to EV71, a
trend toward a higher prevalence of other enteroviruses
among severe patients.

Discussion. China is the most serious epidemic
area of hand, foot, and mouth disease, and, in the years
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Figure 3 - The prevalence of hand, foot, and mouth disease according to gender in Zunyi, China from January 1, 2012 to November 11, 2014.

A) panenterovirus, B) EV71, and C) CVAIG.
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Figure 4 - Age distribution of hand, foot, and mouth disease cases with a range of 12 months in Zunyi, China from January 1, 2012 to November 11,

2014.
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Figure 5 - Overall distribution of the causative agents of hand, foot, and mouth disease in Zunyi, China from January 1, 2012 to November 11, 2014.

A) EV71 B) CVA16, and C) others.
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Table 1 - Relative risk of enterovirus detected from inpatients and outpatients, from January 2012 to

November 2014 in Zunyi, China.

Total Inpatient Outpatient Relative risk
Relativerisk ~ N=5750 n=5165 n=585 < Pevalue
(95% CI)
n (%)
EV71 1106 1003 (19.4) 103 (17.6) 1.10 (0.67-1.81) >0.05
CVAl6 579 486 (9.4) 93 (15.9) 0.59 (0.34-1.01) >0.05
Other EVs 4065 3676 (71.2) 389 (66.5) 1.07 (0.92-1.25) >0.05

*Values are the relative risk of detecting the virus from inpatients in comparison with outpatients,
CI - confidence interval, EV71 - enterovirus 71, CVA16 - Coxsackie virus A16, EVs - enterovirus

before 2012, EV71/CVA16 were the primary pathogens
of HFMD among young children in China.! It has
been reported that most HFMD cases (86.5%) were
caused by EV71/CVA16 in Shanghai from 2009-2010,*
and the percentages of EV71/CVA16 were also very
high in Guangdong at 91.5%,* and in Shandong at
98.5% (67/68) in the year of 2009.” However, the
percentage of EV71/CVA16 infected cases reduced to
70.7% in Shanghai from 2010-2011," and a similar
reduction was observed in the Guangdong area, where
EV71/CVA16 only accounted for 25.5% of the new
enterovirus infections in 2013 (January-August).?
Consistent with their reports, our data shows that
the percentage of EV71/CVAIG is reduced to 13.5%
(236/1754) in Zunyi in 2013. Thus, the present work
expands our knowledge on the changing epidemiology
of enterovirus serotypes, which will help to fine-tune
our strategies to control HFMD.

Vaccination is an attractive public heath strategy
to control enterovirus infections. It has been reported
that some formulations, including formalin-inactivated
EV71 (FI-EV71) and bivalent FI-EV71/FI-CVA16
formulations, were protective against their target
strains in animal models or human clinical trials.'>!
However, according to the present data, it seems that
the current formulations have a very limited coverage of
enteroviruses, and suggest that further work on vaccine
development is needed. Consistent with previous data,*
the study population showed a high prevalence of
HEMD in the young population, especially in children
younger than 5 years (Figure 4) and in the warmer
seasons, such as late spring and early summer (Figure 2).
Age and season are therefore, important factors that
must be considered in the prevention and control of
HFMD transmission. It has been reported that EV71
infection is associated with severe complications, which
have a higher mortality rate.’® Our study confirms
previous results showing higher risk for EV71 infection
and the circulation of EV71 and CVA16 in this area.®!
Importantly, this study shows the progressive increase
in the incidence of other enteroviruses in populations,
especially in populations aged 0-59 months. The reasons
for the higher incidence rate of other enteroviruses than

that of the EV71 are currently not clear, and further
detailed studies are needed to explore these apparent
variations in other enteroviruses incidence rates.
Nevertheless, this finding indicates that it is necessary
to re-estimate HFMD prevalence in populations before
the introduction of human enterovirus vaccination.

Study limitations. First, there is one and a half
months missing in 2014, while the number of the
cases is significantly increased compared with that in
2013. Secondly, it was because very few samples were
tested for enteroviruses at the early stage of the testing
that the data is missing in February and March 2012.
Another major limitation of the current research is
that we did not determine which serotype of the other
enteroviruses is becoming predominant in this area, for
example, serotype Coxsackie A virus 6 has been found
to be predominant in southern China.? Further studies
are needed to identify the non-typed serotypes of the
enteroviruses in future.

In conclusion, in the last 3 years, other enteroviruses
account for nearly 50% of the HFMD cases, and the
rate is still on the increase.
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